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ABSTRACT
An experiment was conducted to determine the effects of 
environmental alterations, force molt treatment to initiate feather 
regeneration, on physiological rhythms and concentrations of plasma 
progesterone, corticosterone, corticosterone binding globulin binding 
capacity (CBG ), liver corticosteroid and selected serum biochemicals.
Leghorn laying hens in the twelfth month of egg production were 
taken from a cage house and placed into cages in two environmental 
modification chambers. The hens were either maintained on long 
photoperiods, 19 hr of 100 lux at head height incandescent light 
daily (lights on at 0100 hr and off at 2000 hr CDT), to maintain 
egg production in the control laying hens or exposed to short photo­
periods, 6 hr of light daily (lights on at 0800 hr and off at 1400 
hr CDT), to decrease production in preparation for molt in the premolt 
hens. After 2 weeks feed was withdrawn from the pi.emolt hens for 
2 days to initiate molt. Three days later when the premolt hens 
began to regenerate feathers, the initiation of molt, four hens from 
each group were sacrificed every 2 hr for 2 days beginning at 1200 
hr CDT.
The experiment was a randomized block design, decks of cages 
were blocks, with a 2 X 12 X 2 factorial arrangement of treatments,
2 photoperiods, 12 sampling times per day and 2 days of sampling.
Day two was thus a duplication of day one. Data were analyzed by 
analysis of covariance.
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The average hen-day egg production from the laying hens was 
75 ± 5%. Premolt hens had declined to 6% hen-day egg production 
when sampling began.
Feed and water were provided ad libitum. Daily facility 
maintenance and feed replenishment was provided according to the 
schedule kept while the hens were in the cage house prior to the 
experiment. Maintenance thus began at 0800 hr CDT and ended by 
1500 hr CDT.
The chambers were temperature controlled near 24°C and were 
monitored for dry bulb temperature, wet bulb temperature and relative 
humidity by dry bulb thermometer stations, hygrothermographs and a 
sling psychrometer.
Premolt hens had regressed ovaries, greater body weight losses, 
lower hormone levels and lower CBG than laying hens. A single peak
dC
daily rhythm of plasma progesterone was found only in laying hens. 
Episodes of progesterone secretion were indicated in premolt hens. 
Progesterone varied with egg location in the oviduct of laying hens.
A daily rhythm with two major peaks of plasma corticosterone 
and liver nuclei free corticosteroid was found in laying hens.
Liver nuclear corticosteroid peaked thrice daily. A cascade of 
corticosterone from the plasma to the liver cytosol and on to the 
nucleus was indicated. Plasma corticosterone was negatively 
associated with nuclei free corticosteroid.
Premolt hens exhibited one recurrent and one non-recurrent
peak of plasma corticosterone daily and peaks in liver corticosteroid
with much less daily recurrency than that found in laying hens. Food
deprivation in premolt hens may have affected the loss of the peaks
ix
found in control hens.
No daily rhythm of CBG was found. CBG may indicate
BC BC
estrogenicity in hens. CBG was correlated with serum calcium in
BC
laying hens.
Serum calcium, inorganic phosphate, glutamic pyruvic trans­
aminase (GPT) and albumin were depressed in premolt hens. Serum 
alkaline phosphatase, lactic acid dehydrogenase, glutamic oxaloacetic 
transaminase (GOT), glucose, cholesterol and globulin were elevated 
in premolt hens.
Daily rhythms or significant fluctuations over time of serum 
calcium, glucose, total protein and albumin were found over both 
groups of hens. Unlike hormone rhythms, these changes over time were 
independent of force molt treatment.
GPT was associated with nuclei free corticosteroid and negatively 
associated with plasma corticosterone in laying hens. GOT was 
associated with nuclei free corticosteroid in premolt hens.
x
CHAPTER I- STEROID HORMONES
Introduction
Little is known of the physiological events initiating molt in 
birds. While several investigations have examined purported endocrine 
influences on feather follicle activity and molt (van der Meulen, 1939; 
Glazener and Jull, 1946; Shaffner, 1954, 1955; Juhn and Harris, 1956; 
Harris and Shaffner, 1957; Himeno and Tanabe, 1957; Perek et a l ., 1957; 
Tanabe et al_., 1957; Assenmacher, 1958; Juhn and Harris, 1958; Perek 
and Eckstein, 1959; Tanabe and Katsuragi, 1962; Juhn, 1963; Voitkevich, 
1966; Jones, 1969; Jackson and Labinsky, 1972; Payne, 1972; Greij ,
1973), a definitive endocrine physiology for the induction of periodic 
feather replacement in the domestic fowl is not realized at this time. 
The thyroid, gonads, adrenal and adenohypophysis are the principle 
endocrine organs casually linked with molt. However, the studies 
of these organs and their trophic hormones have failed to aver a 
particular endocrine event associated with the onset of molt save 
for gonadal inactivity, general decreases in sex steroid hormone 
levels (Payne, 1972; Sturkey, 1976) and increased plasma triiodo­
thyronine (Brake et al^ . , 1979) . Other reports have indicated that 
corticosterone acts synergistically with prolactin and/or sex steroid 
hormones to control avian reproductive cycles (Martin and Meier,
1974; Etches, 1979) of which both daily endocrine rhythms and feather 
molting are an integral part.
1
2Forced molting is simply a feather molt brought about by 
manipulating daily photoperiod and/or feed intake and/or water intake 
in laying hens to stop lay and recycle hens for another season of 
egg laying. The forced molt thus circumvents the use of replacement 
pullets, an economically costly consideration. Recently Brake and 
Thaxton (1979 a,b) and Brake et^ a l ., (1979) characterized physiological 
changes in caged layers during a forced molt but were unable to define 
a role for the adrenal cortex. The present study describes the 
changes in daily corticosterone, corticosterone binding capacity and 
progesterone rhythms in caged layers just prior to a forced molt by 
comparison to caged layers in egg production. It was postulated at 
the onset of the experiment that if the daily variations (rhythm) of 
plasma corticosterone mediate some timing mechanism in the reproduction 
of the fowl (Meier and McGregor, 1972; Farner, 1975), then by altering 
environmental cues such as photoperiodic, feeding and activity regimes 
for the induction of a forced molt, the daily thythm of corticosterone 
would be altered in a similar manner as that reported in rats (Krieger, 
1974; Malatova and Ahlers, 1977) and in quail (Boissin et al., 1975).
Materials and Methods
Experimental Design
Shaver Leghorn laying hens in the twelfth month of egg production 
were taken from a cage house on the LSU Poultry Research Farm and 
placed in cages in two environmental modification chambers. The hens 
were placed in cages in the same order as they had been in the cage 
house such that neighboring hens in the chambers had been neighbors 
in the cage house. After one week of adjustment to the chambers,
3the hens were either maintained on long photoperiods, 19 hr of 100 lux 
at head height, incandescent light daily (lights on at 0100 hr and 
off at 2000 hr CDT), to maintain egg production or exposed to short 
photoperiods, 6 hr of light daily (lights on at 0800 hr and off at 
1400 hr CDT), to decrease egg production in preparation for molt.
The later group of hens were referred to as non-laying or premolt 
hens. After two weeks feed was withdrawn from the premolt hens for 
2 days to initiate molt. Three days later when the hens had just 
begun to regenerate feathers, the initiation of molt (Lucas and 
Stettenheim, 1972) , four hens from each group were sacrificed every 
2 hr for 2 days beginning at 1200 hr CDT.
The experiment was a randomized block design, decks of cages 
were blocks, with a 2 X 12 X 2 factorial arrangement of treatments, 
two photoperiods, 12 sampling times per day and 2 days of sampling.
Day two was thus a replication of day one. Data were analyzed by 
least-squares (three observations were lost) analysis of covariance 
(Table 1). In the hens on long photoperiods egg location in the 
oviduct was recorded and a least-squares analysis of variance was run 
on the dependent variable plasma progesterone using a completely 
randomized design with seven treatments (oviduct locations, see Fig. 1). 
General Maintenance
The average hen-day egg production from the laying hens was 
75 ± 5% (mean ± SE). Premolt hens had declined to 6% hen-day egg 
production when sampling began (Table 2).
Feed and water were provided ad libitum (Table 3). Daily 
facility maintenance and feed replenishment was provided according to 
the schedule kept while the hens were in the cage house prior to
4Table 1. Experimental design analysis of covariance table.
' '
Source of variation Degree of freedom
Block 1
Treatment
Photoperiod (P) 1
Day (D) 1
Sampling Time (T) 11
P X D 1
P X T 11
D X T 11
P X D X T 11
Error 47
Sampling Error 95
Covariable (initial body weight) 1
Total 191
3Fig. 1. Histogram of plasma progesterone least-squares means and
standard errors plotted over egg location in the oviduct at 
the time of sampling the laying hens. The difference among 
locations is significant (P < .05) o v a r  = unovulated 
egg in a preovulatory size ovarian follicle and no egg in the
oviduct, INFU * egg in the infundibulum, MAGN ™ egg in the
magnum, ISTH * egg in the isthmus, UTEM * egg in the shell 
gland (uterus) without a shell, UTES = egg in the shell gland 
(uterus) with a thin shell and UTEE = egg in the shell gland
(uterus) with a hard shell.
FLP5MP
c . o o  c . 4 C
P R C G E S T E P C N E  ( N G / M L 1  
0 . 8 0  1 . 2 0 1 . 6 0 2.00
7Table 2. Effect of daily photoperiod length and force molt treatment 
on final body weight, body weight gain, ovary weight and 
hen-day egg production in hens.
Treatment
Final body 
weight*
Body weight 
gain*
Ovary
weight*
Egg Production 
Initial Final
19L:5D 
(20 days)
g
1828
g
-103
g
47
% %
78 81
6L:18D 
(20 days- 
no feed 
on days 
15 or 16)
1674 -249 10 78 6
♦Least square 
different (P
means adjusted 
< .05).
for initial body weight and significantly
8Table 3. Composition and calculated analysis of the laying diet.
Ingredients % of the diet
Ground yellow corn 49.49
Soybean meal (44% protein) 25.00
Pulverized oats 10.00
Stabilized animal fat 4.00
Alfalfa meal 1.66
Dicalcium phosphate 1.70
Oyster shell flour 6.90
Salt 0.25
Vitamin mix (Layer) 0.50
Mineral mix13 0.50
100.00
Calculated analysis
17.0 % protein
2816 Kcal ME/kg
3.15 % calcium
0.45 % available phosphorus
0.61 % methionine + cystine
0.88 % lysine
aSupplies per kg of diet: vitamin A 8782 IU, vitamin D 2195 ICU,
vitamin E 5.5 IU, vitamin K 2.2 mg, niacin 22 mg, riboflavin 4.4 mg, 
calcium pantothenate 18 mg, vitamin -013 mg, folacin .22 mg,
biotin .66 mg, choline chloride 2195 mg and DL-methionine 1298 mg.
^Supplies per Kg of diets: zinc 44 mg, copper 12.98 mg, and
manganese 61.6 mg.
9placement in the environmental modification chambers. Maintenance 
or the presence of a caretaker thus began at 0800 hr CDT and ended 
by 1500 hr CDT.
The chambers were monitored for dry bulb temperature and relative 
humidity by Bendix hygrothermographs (Bendix Inc., Baltimore, MD) 
suspended at the geometric center of each chamber (Fig. 2). Dry bulb 
thermometers and a periodic sling psychronveter reading were also used 
as environmental checks (Table 4)*
Sample Analysis
The hens were bled by cardiac puncture and blood samples were 
placed in heparinized tubes and centrifuged at 800 X g for 20 min. 
Plasma samples were stored at -10 or -40°C. After blood collection 
the hens were sacrificed by cervical disarticulation. Livers were 
removed and stored at -40°C. Ovaries were removed and weighed.
Plasma corticosterone Liver nuclei free and liver nuclear corti­
costeroid levels were determined by radioummunoassay (Satterlee ejt a l . , 
in press). Samples were extracted with iso-octane followed by 
dichloromethane. Corticosterone was assayed in the later extract. 
Extraction efficiencies for tritiated corticosterone (New England 
Nuclear, Boston, MA) from plasma, liver cytosol and liver nuclei were 
99 i 1%, 86 ± 2% and 76 ± 4% (mean ± SD, n >■ 10) respectively. The 
corticosterone radioimmunoassay procedure had intra- and interassay 
percent coefficients of variation that ranged from 3 to 8% (n = 20) 
and 5 to 12% (n » 5), respectively. Liver nuclei free and nuclear 
fractions were prepared by homogenizing at 2°C 5 g of liver in 5 ml 
of 0.25 M sucrose in a Potter Elvehjtem type homogenizer with a pestle 
spinning at 1000 rpm followed by centrifugation at 27,000 X g for 1 hr
10
Fig. 2 Representative hygrothermograph chart from a Bendix
hygrothermograph suspended at the geometric center of 
each environmental modification chamber on alternate 
days during the experiment. R1 = chamber 1 (6L:18D). 
R2 * chamber 2 (19L:5D). %R.H. = % relative humidity.
FIGURE 2
12
Table 4. Mean dry bulb and wet bulb temperatures recorded at random 
twice daily in each chamber from a sling psychrometer and 
dry bulb temperature means recorded from eleven stationary 
thermometers at 0800 and 1400 hr CDT daily in each chamber.
Instrument Variable^- Mean temperature ± standard error
dry bulb (°C) wet bulb (°C)
Slimg
psychrometer
Chamber 1 
(n-41) 
Chamber 2 
(n-41)
23.5 ± 0.1
23.5 ± 0.2
20.8 ± 0.2 
20.8 ± 0.3
Stationary
thermometers
Chamber 1 
(n-418) 
Chamber 2 
(n-418) 
0800 hr 
(n-418) 
1400 hr 
(n-418)
24.2 ± 0.1
24.3 ± 0.1
24.4 ± 0.1 
24.3 ± 0.1
^No difference 
variance (P >
was found between 
.05) .
chambers or times by analysis of
13
at 4°C. The supernatant was called the nuclei free fraction. The 
pellet below the supernatant, though not homogeneous, was called the 
nuclear fraction.
The corticosterone binding globulin binding capacity (CBG
BC)
of the plasma stored at -40°C was determined by the method for serum 
CBG of Moore et_ al_. (1978) with the following modifications of assay
D v ““
solutions and scintillation counting procedures: A low-specific
activity corticosterone solution was prepared which contained 80 ng
of unlabeled corticosterone (Sigma Chemical co., St. Louis, MO) and
0.76 ng (0.17 uCi) of tritiated corticosterone (New England Nuclear,
Boston, MA) per 100 ul of phosphate buffered saline (PBS). Dextran-
coated charcoal (DCC) (0.36 g per 100 ml assay buffer) was prepared
by adding 0.20 g of Dextran T 70 (Pharmacia, Uppsala, Sweden) in 600
ml PBS to 2.00 g of activated charcoal (Fisher Scientific Co., Fair
Lawn, NJ). The scintillation fluid was Beckman Ready-Solv HP (Beckman
Instruments, Inc., Fullerton, CA). The samples were counted for 10
to 20 min in a Searle Analytic 95 liquid scintillation counter
(Nuclear of Chicago, Chicago, IL) with a counting error of less than 5%.
Briefly, the CBG assay consisted of stripping the endogenous 
BC
steroids from the duplicate plasma sample aliquots by adsorption 
with DCC at 40°C, saturating the stripped plasma with the low-specific 
activity corticosterone solution, separating the bound from the free 
corticosterone with DCC at 4°C, centrifugation and counting an aliquot 
of the supernatant. A nonspecific binding blank was run on an aliquot 
of each plasma sample after incubating each stripped sample at 60°c.
The blank was then run in parallel with the other samples. The CBG
BC
was quantitated by subtracting the count/min in the nonspecific binding
14
blank from the average count/min of the duplicate plasma samples.
This number was then converted into nanograms of corticosterone mass 
per count/min.
Plasma progesterone levels were quantitated by radioimmunoassay 
(Abdullah, 1979; Abdullah et al_., 1979). Plasma samples were extracted 
with iso-octane and progesterone was assayed in the extract. The 
extraction efficiency for tritiated progesterone (New England Nuclear, 
Boston, MA) from the plasma was 72 t 3% (mean ± SD, n » 10). Intra- 
and interassay coefficients of variation ranged from 5 to 12% (n=-12) 
and 10 to 16% <n=3) respectively
Results and Discussion
Hens on short photoperiods prior to molt had regressed ovaries, 
greater body weight losses, lower hormone levels and a lower corti­
costerone binding capacity than the hens in egg production. Body 
weight loss in hens in production seemed to be due to an increase in 
hen-day percent egg production while they were in the chamber since the 
environment was under partial control, while the environment of the 
cage house had not been (Table 2). Conversely, the greater weight loss 
in hens on short daily photoperiods was probably due to gonadal 
quiescence and feed deprivation. Brake and Thaxton (1979a) also noted 
body weight losses in the initial stages of forced molt.
Plasma progesterone levels in premolt hens on short photoperiods 
were greatly reduced (Fig. 3). Since the hens were essentially out 
of egg production and had regressed ovaries (Table 2), a reduction in 
peripheral plasma progesterone was anticipated (Furr, 197 3). However, 
the presence of plasma progesterone in these hens does bring up the 
possibility that an adrenal source of progesterone was extant.
15
Fig. 3. Histogram of plasma progesterone least-squares means and 
standard errors plotted over local time (sampling time) 
over both days. Premolt hens (^) differ from laying hens 
(8) and photoperiod X sampling time (PXT) interaction is 
significant (P < .05, see Table 1).
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Unlike the hens in egg production on long daily photoperiods, no 
clearly defined peaks in plasma progesterone were found in the premolt 
hens. Both groups of hens showed rather variable progesterone levels. 
Coefficients of variation at any sampling time were higher in premolt 
birds perhaps indicating episodic ovarian or adrenal release of 
progesterone. Etches (1979) has indicated that a circadian rhythm 
in adrenal progesterone may exist which affects the timing of LH 
release in egg laying hens. Etches (1979) also noted slight increases 
in plasma progesterone other than the preovulatory peak. A similar 
observation was noted in the hens on long photoperiods (Fig. 3).
Progesterone injections have been shown to induce molt in anagen 
feather follicles (Harris and Shaffner, 1957). Since progesterone 
was reduced in premolt hens, a role for progesterone in the induction 
of molt is doubtful. However, other sex steroids, estrogens and 
testosterone, and prolactin could be involved in the maintenance of 
feathers in the resting or telogen stage of development (Spearman, 
1971).
Plasma progesterone levels in the hens in production varied with 
egg location in the oviduct (Fig. 1). Progesterone tended to be lower 
when eggs were found in the infundibulum, magnum or isthmus. Higher 
levels tended to occur when eggs were found in a preovulatory follicle 
or in the shell gland.
Plasma corticosterone levels were lower in the premolt hens 
(Fig. 4). Higher glucocorticoid levels are thought to stabilize 
lysozomal membranes (Yates, et al., 1974} while feather regeneration 
involves lysozomal activation (Bowers, 1971). This perhaps implicates 
corticosterone in feather follicle maintenance for the prevention of
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Fig. 4. Histogram of plasma corticosterone least-squares means and 
standard errors plotted over local time (sampling time) and 
over both days. Premolt hens (3) differ from laying hens 
(3 ) and PXT interaction is significant (P < .05, see Table 1) .
FIGURE 4
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degradative processes associated with keratinization in regenerating 
feathers. This may be a part of the reason why plasma levels were 
lower in premolt hens. Likewise higher circulating glucocorticoids 
probably allow greater glycogenic amino acid release from peripheral 
tissues (Exton, 1979) which could otherwise be used in keratin 
synthesis. Higher glucocorticoids may also inhibit peripheral 
glucose utilization (Stalmans and LaLoux, 1979) which seems un- 
desireable during feather molt.
While no difference in plasma levels was found over all birds 
with respect to sampling time, there was a dependency (interaction, 
see Table 1) of sampling time on photoperiod. It is also expedient 
to realize that the physical collection of hens from the chambers for 
sampling may have affected corticosterone levels over time in the 
hens remaining in the chambers which were later sampled.
Hens in production on long photoperiods exhibited a daily rhythm 
of plasma corticosterone with two major peaks per day (Fig. 4). The 
peaks were found near 2000 h, the beginning of scotophase, and near 
0800 hr, the beginning of the farm day maintenance and feed renewal.
The peak during scotophase has been noted by other investigators 
(Beuving and Vonder, 1977; Etches, 1979). However the second peak 
(0800 hr) has apparently not been previously reported in the literature 
on hens. Since daily feeding, cleaning and egg collection began at 
this time it is apparent that this daily peak in corticosterone was 
affected by activity or feeding, perhaps a physiological component of 
prior acclimatization to the farm maintenance schedule. Similar 
secondary peaks have been reported in rats (Krieger et al. , 1971) .
In rats, sleep-wake patterns and food restrictions or deprivations
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alter daily rhythms of plasma corticosterone (Krieger, 1974; Malatova 
and Ahlers, 1977). Environmental stressors and conditioned behavior 
in pigs had no effect on daily rhythms of plasma corticosteroid although 
many environmental stressors have been shown to affect increases in 
plasma corticosterone in pigs (Baldwin and Stephens, 1971} and in 
hens (Beuving and Vonder, 1978) . The pattern of daily plasma
corticosterone levels observed in the present experiment which was
designed to reflect field husbandry conditions indicate that the 
extrapolations from environmental control chamber studies to actual 
field conditions should be carefully regarded when daily fluctuations 
in adrenal function in laying hens are studied.
Plasma corticosterone levels in premolt hens on short daily 
photoperiods had two recurrent peaks at 1600 hr, the beginning of 
scotophase, over the two sampling days. As in quail after alterations 
in daily photoperiods (Boissin et al., 1975), when the photoperiod
was changed from lights on and off at 0100 hr and 2000 hr, respectively,
to lights on and off at 0800 hr and 1400 hr, respectively, the phase 
of peak corticosterone levels apparently adjusted to early scotophase 
in the premolt hens (Fig. 4). This interpretation is guarded since the 
possibility of a free running rhythm of plasma corticosterone was not 
eliminated in the present experiment. Figure 4 depicts other peak 
corticosterone levels at 2400 hr on day one and around 0800 hr on 
day 2. These peaks occurred without a daily periodicity and may 
represent ultradian surges as have been reported in man (Yates et al_., 
1974). Stressors such as ether, immobilization and fasting in rats 
has been shown to change daily rhythms of plasma corticosterone 
(Dunn et al ., 1972; Malatova and Ahlers, 1977). Unlike the hens in
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production, in the premolt hens 3 days after food deprivation no 
clearly defined daily peak at 0800 hr was found. Conceivably, the 
food deprivation for 2 days altered the phase of the 0800 hr peak which 
seemed to be associated with the beginning of the daily facility 
maintenance in the control hens in egg production but had no effect 
on the 1400 hr photoperiodically induced corticosterone peak. It is 
also plausible that the coincidence of dawn and feeding for the premolt
hens confounded the appearance of the secondary peak.
Forced molt treatment in the present experiment apparently 
elicited molting as an acclimatization response wherein the laying 
hens ceased egg production and began to molt for lack of photogonadal 
stimulation and dietary energy supplies respectively.
Liver nuclei free corticosteroid levels were lower in the pre- 
molt birds. Over both photoperiods and both days, sampling times 
differed in corticosteroid levels (Fig. 5). While chicken liver cytosol 
corticosteroids can apparently be found bound to five macromolecular 
weight fractions only one of these seems to be a cytosolic receptor 
(Cochet and Chambaz, 1976). The others seem to be non-specific binders, 
enzymes in the pathway of steroid metabolism or transcortin. Although 
all of these forms of corticosteroids are presumably included in the 
nuclei free fraction assayed in the present experiment, the liver is a
target organ for corticosterone which, if a mammalian model is
applicable, affects several enzyme systems— the most studied being 
transaminase activation or induction for increased gluconeogenesis 
(Exton, 1979). The target organelle in the liver is apparently the 
nucleus.
Hens in production had daily peak nuclei free corticosteroid
23
Fig. 5. Histogram of liver nuclei free corticosteroid least-squares 
means and standard errors plotted over local time (sampling 
time) and over both days. Premolt hens (0) differ from 
laying hens (0) and over both groups of hens the difference 
among sampling times is significant (P < .05, see Table 1).
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levels near 1600 and 0200 hr (Fig. 5) as compared to peak nuclear 
levels (Fig. 6) at 1400, 2400 and 0800 hr on day one and 1600, 2400 
and 0400 hr on day two of sampling. No difference was found in nuclear 
levels over both groups of birds with respect to photoperiod or 
sampling time but, once again, a dependency (interaction) of sampling 
time on photoperiod was found. Premolt hens had peaks in nuclear corti­
costeroid levels at 1200, 2200 and 0600 hr on day one compared to 
1800, 2400 and 0600 hr on day two of sampling (Fig. 6). Peak nuclei 
free levels were found at 2200 hr on day one but peak levels on day two 
were much less defined although a surge seems to be present at 
2200 hr on day two.
Standard errors of the means of nuclear corticosteroid levels 
were much less than those for the nuclei free fractions. This obser­
vation could best be explained by the rapid metabolism of the corti­
costerone by liver cytosol (Litwack and Singer, 1972) and by the 
presence of five bound forms of corticosterone in chicken liver 
cytosol (Cochet and Chambaz, 1976). Episodic release of adrenal 
corticosterone might also account for part of this variability and 
a portion of the variability noted in the plasma corticosterone levels 
where standard errors were even greater than those of the nuclei free 
fraction (Fig. 4).
Possibly, evinced by the times of peak levels in Figures 4, 5, 
and 6 and by the somewhat negative association between plasma and 
nuclei free corticosteroid (r =* -. 24, P < .01) the variations in 
corticosterone levels in the laying hens represents a cascade of 
daily fluctuations from the highly variable plasma fraction to the 
less variable nuclei free fraction followed by rapid appearance of
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Fig. 6. Histogram of liver nuclear corticosteroid least-squares means 
and standard errors plotted over local time (sampling time) 
and over both days. Premolt hens (9) do not differ from 
laying hens (J), (P < .05). PXT interaction is significant 
(P < .05, see Table 1).
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corticosteroid in the least variable nuclear fraction. However in
the premolt hens such a cascade of corticosteroid appearance from
blood plasma to a target organelle (nucleus) is not apparent. Also,
in these hens, plasma and nuclei free corticosteroid were not
associated. Perhaps these observations are due to the same reasons
that indistinct daily rhythms of plasma corticosterone were noted.
The three peaks in nuclear corticosteroids found in the hens
in production versus only two in the plasma and nuclei free fractions
may be interpreted in several ways. It is possible that the nuclear
fraction was very heterogeneous thus yielding an artifactual peak.
Perhaps an episode of adrenal corticosterone secretion was not
detected in the plasma and nuclei free fractions or the nuclei free
corticosteroid which is receptor bound is transferred to the nucleus
in episodes. Lastly, one of the peaks may represent corticosteroid
which was being metabolized in the nuclear fraction.
The plasma CBG showed no rhythmatic daily variation in either 
BC
group of hens. Premolt hens did, however, have lower levels than hens 
in production (Fig. 7). In humans as estrogen levels increase or 
during pregnancy, CBG increases and can be used as an indication of
O v
estrogenicity (Moore et^  al_., 1978). Increased estrogenicity could
explain the difference in CBG between the two groups of hens as
BL
plasma progesterone and corticosterone levels were higher in the
laying hens compared to the premolt hens. Estrogen levels were not
determined however. Perhaps the lack of a daily rhythm of C B G ^  could be
explained by the daily fluctuations of several steroid hormones which
affect CBG changes. The CBG has been shown to have a daily rhythm 
BC BC
in cockerels with an acrophase slightly after that of the rhythm of
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Fig. 7. Histogram of plasma least-squares means means and
standard errors plotted over local time (sampling time) 
and over both days. Premolt hens (5) differ from laying 
hens (^)r (P < .05). PXT interaction is not significant 
(P > .05, see Table 1).
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plasma corticosterone (Siegel ert al_. , 1976) . These authors postulated
that plasma corticosterone "may stimulate CBG synthesis." Avian CBG 
also binds the synthetic glucocorticoid dexamethasone and other 
steroids (Cochet and Chambaz, 1976; Gould and Siegel, 1978). Since 
no rhythm of CBG in either group of mature hens in the present studyLB
was found, although plasma and liver fraction corticosteroid rhythms 
were found in laying hens while indistinct daily variations in pro­
gesterone and corticosteroids were found in premolt hens, and since
a mammalian CBG seems to respond to other sex steroids, perhaps 
BC
avian CBG synthesis is stimulated by other steroid hormones as well 
as corticosterone.
CHAPTER II. SERUM BIOCHEMICALS
Introduction
Physiological changes in blood biochemicals in force molted 
laying hens have recently been reported (Brake and Thaxton, 1979a,b; 
Brake et al., 1979) however, in the knowledge of the present author,
no published reports exist which investigate serum biochemical changes 
over 24 hr in laying hens as compared to non-laying hens or to hens 
just prior to the initiation of a forced molt. Metabolic profiles 
composed of blood biochemicals have been used to assess the health and 
physiological status of dairy cattle under various environmental 
conditions (Payne et_ al., 1970). Again, in laying hens, metabolic
profiles of serum enzymes, proteins, glucose, cholesterol, calcium 
and phosphorus under various environmental conditions apparently 
have not been investigated.
Changes in environmental phenomena such as photoperiod and 
feeding regimes have been shown to result in molt in a number of avian 
species (Payne, 1972) . Recently the alterations of levels and 
temporal fluctuations in plasma progesterone, corticosterone, cor­
ticosteroid binding globulin binding capacity and liver corticosteroid 
have been examined in laying and in fasted non-laying hens on shortened 
daily photoperiods prior to a forced molt (Gildersleeve et a l ., 1979 
a,b; Gildersleeve, unpublished results). Fasting, a treatment used in 
forced molting and known to change corticosterone rhythms in rats 
(Krieger, 1974) , has been shown to alter serum enzymes as have stage
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of egg formation, age, sex and certain diseases (Bell, 1971). Temporal 
changes in photoperiodic cues play a role in the control of hen ovarian 
hormone secretion which apparently effects dramatic changes in other 
serum constituents, particularly proteins and calcium (Sturkey, 1976).
In response to the environment, forced molt is timed by a 
sequence of feather loss via feather regeneration. Several studies of 
the histochemistry of the feather follicle have revealed specific 
alterations in enzyme activity during feather regeneration in the 
pigeon Columba livia (Shah and menon, 1974a, 1974b, 1975a and 1975b). 
Steroid hormones are affected by force molt treatment and play roles 
in numerous physiological events such as increasing rat liver trans­
aminase activity upon injection (Rosen et_ a l ., 1958) , generally 
increasing at the onset of egg production in laying hens (Sturkie, 1976) 
and being involved in molt initiation in chickens (Gildersleeve et al_. , 
1979a) and in other species of birds (Payne, 1972). Perhaps gonadal and 
adrenal function and daily variations of steroid hormones in the plasma 
and in the liver of hens, the organ from which serum albumin, and some 
of the serum transaminases are apparently elaborated, change serum 
biochemical levels resulting in different metabolic profiles in non­
laying hens as compared to laying hens.
Forced molting is now employed commercially to stop egg produc­
tion in laying and breeder hens for the purpose of recycling hens 
for another season of egg production. An evaluation of physiological 
parameters under environmental conditions which initiate molt (i.e., 
photoperiodic and feeding regime manipulation) was the intent of the 
present experiment.
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Materials and Methods 
Experimental Design and General Maintenance
The experimental design and general maintenance during the 
course of the experiment along with the environmental chambers and 
conditions are described in Chapter I., Materials and Methods.
Sample Analysis
The hens were bled by cardiac puncture and blood samples were 
placed into borosilicate tubes and allowed to clot at room temperature 
for 1 hr. Blood samples were then centrifuged at 800 X g for 20 min. 
Serum was collected and stored at -40°C. Unless otherwise indicated 
all serum biochemicals were quantitated on a Union Carbide 400 Series 
Centrifichem Analyzer (Union Carbide Corporation Clinical Diagnostics, 
Rye, NY).
Alkaline Phosphatase (Centrifichem Methodology Sheet 71002 
Rev. 11-76). Alkaline phosphatase catalyzes the hydrolysis of p-nitro- 
phenyl phosphate which yields the products p-nitrophenol and inorganic 
phosphate. The production of p-nitrophenol was quantitated spectro- 
photometrically by absorbance at 40S nm and thus indicated total alka­
line phosphatase activity in the serum samples.
Glutamic-Pyruvic Acid Transaminase (Centrifichem Methodology 
Sheet 710013 Rev. 11-76). Glutamic-pyruvic acid transaminase (GPT) 
catalyzes transamination between L-alanine and “-ketoglutarate yielding 
glutamate and pyruvate. In the presence of lactic acid dehydrogenase, 
pyruvate and NADH (reduced nicotinamide adenine dinucleotide) react and 
yield lactic acid and NAD (oxidized nicotinamide adenine dinucleotide). 
These two reactions were coupled and the production of NAD was quanti­
tated spectrophotometrically by the decrease in absorbance of 340 nm.
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The rate of conversion of NADH and NAD was indicative of serum GPT 
activity.
G1utamic-Oxaloacetic Acid Transaminase (Centrifichem Methodology 
Sheet 2771032 Rev. 7/77). The serum glutamic-oxaloacetic acid trans­
aminase (GOT) activity was also quantitated spectrophotometrically by 
the decrease in absorbance at 340 nm via production of NAD by a second 
coupled reaction. GPT catalyzes transamination between aspartate and 
*-ketoglutarate yielding glutamate and oxaloacetate. In the presence 
of malic acid dehydrogenase, oxaloacetate and NADH react and are 
converted to malate and NAD. This reaction was coupled to the GPT 
reaction.
Lactic Acid Dehydrogenase (Centrifichem Methodology Sheet 710009 
Rev. 11-76). The products of the lactic acid dehydrogenase (LDH) 
catalyzed reaction between lactate and NAD are pyruvate and NADH.
Serum LDH activity was assessed by the spectrophotometric quantitation 
of NADH production via the rate of absorbance increase at 340 nm.
Total Protein (Centrifichem Methodology Sheet 27710026 Rev. 7-77).
The biuret technique was used to quantitate total serum protein. The
+ +
technique measures functional peptide groups via the reaction of Cu 
ions with amide, amine and imide groups of proteins which forms a 
chomophore with am absorption maximum at 550 nm.
Albumin (Centrifichem Methodology Sheet 01001 Rev. 276). Serum 
albumin was assayed by its reaction with bromocresol green and subse­
quent spectrophotometric quantitation by absorbance at 620 nm.
Globulin. The difference between levels of serum total protein 
and albumin was considered indicative of serum globulin levels.
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Glucose (Centrifichem Methodology Sheet 710008 Rev. 11-76).
Serum glucose levels were determined by the hexokinase method which 
is specific for d-glucose. Briefly, glucose and ATP in a reaction 
catalyzed by yeast hexokinase form glucose-6-phosphate and ADP. 
Glucose-6-phosphate dehydrogenase catalyzes a reaction between glucose- 
6-phosphate and NAD forming 6-phosphogluconate and NADH. In the hexo- 
hinase method glucose is quantitated spectrophotometrically by the 
increase in absorbance at 340 nm of the NADH produced by the later 
reaction.
Cholesterol (Centrifichem Methodology Sheet 710017 Rev. 5-76). 
Serum cholesterol was detected and quantitated by the cholesterol 
esterase-cholesterol oxidase method. By this method cholesterol is 
assayed as a quinonimine, which absorbs at 520 nm, after reaction of 
the serum cholesterol esters with cholesterol esterase, cholesterol 
oxidase and peroxidase.
Calcium. Total serum calcium was quantitated with a Precision 
Systems Inc. Calcette Automatic Calcium Analyzer via a direct fluoro- 
metric determination (Kleinman, 1974). The analyzer uses EGTA 
(Ethylene glycol-bis- (beta-aminoethyl ether) -N.N^-tetraacetic acid) 
as the titrant and calcein as the fluorescent indicator.
Inorganic Phosphate. Serum inorganic phosphate levels were 
determined by the Hycel Phosphorus Test (Hycel Inc., Houston, TX). The 
procedure quantitates inorganic phosphorus by a reaction with acidic 
ansnonium molybdate forming phosphomolydbate followed by reduction with 
ferrous ammonium sulfate to heteropolymolybdenum blue. The later 
compound is detected by absorbance at 650 nm.
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Results and Discussion
With the exception of serum total protein, all serum biochemicals 
measured occurred at different levels in the laying hens as compared 
to the non-laying hens just prior to a forced molt (Table 5). While 
this observation is not surprising in light of the constellation of 
physiological changes responsible for reproduction in hens it does 
lend credence to the idea that metabolic profiles could be useful in 
the physiological characterization of high verses low egg production 
hens as well as that of the response to environmental changes.
Serum levels of calcium and inorganic phosphate were depressed 
by the forced molt treatment (Table 5} an observation recorded by 
Brake and Thaxton (1979a) and proposed to be associated with ovarian 
regression, decreased plasma estrogen and phosvitin levels. Calcium 
levels were also affected by sampling time which is in agreement with 
the findings of RoLand et al_. (1972) . However no dependency (inter­
action) of photoperiod, forced molt treatment, on sampling time was 
found (See Table 1) and, as expected, levels did not differ between 
the two sampling days. Peak and trough serum calcium levels were 
found near 1400 and 2400 hr respectively (Fig. 8). Figure 8 also 
depicts the similarity between the two trends in serum calcium over 
sampling time in both groups of hens. It is plausible that if in­
testinal secretion, estrogen and possibly parathyroid hormone (PTH) 
are responsible for the cyclic appearance of serum calcium in laying 
hens (Eastin and Spanziani 1978) and if the disappearance of serum 
calcium is due to egg shell formation via shell gland utilization 
followed by bone and kidney serum calcium clearance (Sykes, 1971) 
then in the non-laying, low estrogen hens prior to a forced molt
Table 5. Least-squares means adjusted for initial body weight and standard errors of serum biochemicals 
from the laying and premolt hens and over the two days of sampling over all hens.
Serum Biochemical Laying Hens* Premolt Hens Day 1 Day 2
Total Calcium (mg/dl) 26.61.5 10.11.4 17.91.5 18.71.5
Inorganic Phosphorus (mg/dl) 5.11.1 2.91.1 3.81.1 4.11.1
Alkaline Phosphatase (IU/liter) 320148 526142 413146 433145
LDH (IU/liter) 313125 520124 458125* 375125
GPT (IU/liter) 6.91.4 4.61.3 5.314* 6.21.4
GOT (IU/liter) 124+4 14214 13414 132+4
Glucose (mg/dl) 23112 23712
*
23012 238+2
Cholesterol (mg/dl) 11218 16817 15018 131+8
Total Protein (g/dl) 4.71.1 4.71.1 4.711 4.7+1
Albumin (g/dl) 2.51.0 2.11.0 2.31.0 2.31.0
Globulin (g/dl) 2.21.1 2.61.1 2.41.1 2.31.1
Laying hens significantly different from premolt hens in all serum biochemicals except total 
protein (P < .05).
*
Day 1 significantly different from day 2 (P < .05).
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Fig. 8. Histogram of total serum calcium least-squares means and 
standard errors plotted over local time (sampling time) 
and over both days. Premolt hens (]) differ from laying 
hens (|  ) and over both groups of hens the difference among 
sampling times is significant (P < .05). PXT interaction is 
not significant (P > .05, see Table 1).
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the same temporal scheme of intestinal and PTH secretion and calcium 
appearance and clearance persists at a reduced level.
As mentioned in Chapter I. Results and Discussion, increased 
corticosteroid binding globulin binding capacity (CBG ) has been
BC
shown to be an indication of increased estogenicity in humans. Total
serum calcium which is presumably partially estrogen dependent in
the laying hens on long photoperiods was found to be significantly
associated with CBG {r = .32, P < .005). This is an indicationBC
that CBG could also be used as an indication of estrogenicity in
BL
hens.
In contrast to calcium, serum inorganic phosphate was not 
affected by sampling time (Fig. 9) which is contrary to the report of 
Paul and Snetsinger (1969). Inorganic phosphate levels were much 
more variable than calcium levels in both groups of hens. One 
source of variation could be attributed to the role of phosphates 
in acid-base balance (Sykes, 1971) and another to the fact that indi­
vidual hens were not sampled repeatedly (Paul and Snetsinger, 1969).
Both of these could account for the lack of rhythmatic pattern 
over time of inorganic phosphate in the serum.
Serum alkaline phosphatase activity was elevated in the non­
laying hens (Table 5). As expected from past observations (Bell, 1971), 
sampling time did not affect these levels (Fig. 10) since individual 
hens were not repeatedly sampled. Variation in alkaline phosphatase is 
rather high due to variation in time of ovulation or oviposition among 
hens (Soioman, 1970; Paul and Snetsinger, 1969; Taylor and Williams, 
1964).
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Fig. 9. Histogram of serum inorganic phosphate 
and standard errors plotted over local 
and over both days. Premolt hens (Q) 
hens (|), (P < .05). PXT interaction 
(P > .05 see Table 1).
least-squares means 
time (sampling time) 
differ from laying 
is not significant
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Fig. 10. Histogram of serum alkaline phosphatase least-squares means 
and standard errors plotted over local time (sampling time) 
and over both days. Premolt hens <£) differ from laying 
hens (^), (P < .05). PXT interaction is not significant 
(P > .05, see Table 1).
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Brake and Thaxton (1979a) and Brake et a^ L. (1979) noted elevated 
body temperatures and plasma triiodothyronine in molting hens and 
proposed that the temperature elevation may have been due to an 
increased metabolic rate which has been demonstrated by Perek and 
Sulman (1945) and associated with increased thyroid activity by Payne 
(1972). Plasma alkaline phosphatase activity has been noted to 
increase after thyroxine injection (Bell, 1971) which seems to 
indicate that the increase in the enzyme activity observed in the 
non-laying hens just prior to molting, when feather regeneration 
begins, may be a result of accelerated thyroid activity. Since 
serum alkaline phosphatase is apparently of a somatic origin and is 
thought to arise from, among others, actively anabolic tissues (Bell, 
1971), regenerating feather follicles could have provided a source 
of serum alkaline phosphatase in the hens. Histochemical studies on 
acid and alkaline phosphatase activity in follicles during feather 
regeneration have revealed greatly increased activity of both enzymes 
(Shah and Menon, 1974a and 1974b).
Osteoclastic, osteoblastic and intestinal sources of the 
enzyme have been advanced in laying hens (Bell, 1971). The chicken 
intestinal isozyme has been shown by Bide and Dorward (1970) to 
decrease in the plasma during starvation for 48 hr. After refeeding 
for 6 hr the levels did not return to that of the fed controls. In 
the present experiment, hens were refed for 72 hr. It is remotely 
possible that the high levels of activity noted could represent a 
compensation for fasting.
A significantly elevated activity of serum LDH was also noted in 
the non-laying hens (Table 5). No difference among sampling times
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was found (Fig. 11). LDH has been used as an indicator of glycolytic 
activity in developing embryos and growing chickens most recently 
by Shen and Mistry (1979a). As with nearly all serum enzymes, serum 
LDH apparently arises from somatic tissues (Bell, 1971), mainly the 
liver and cardiac muscle in chickens (Schultz and Ruth, 1968).
The increase in LDH activity found in the hens prior to molt 
possibly indicates that in certain tissues the level of glycolysis 
was greater while in the liver gluconeogenesis increased. It is 
believed that this increase was due to the previously indicated 
association between molting and metabolic rate. Heightened physical 
activity and metabolic rate have long been known to cause elevated 
LDH activity in humans (Halonen and Kottinen, 1962).
During resting phases of human hair follicles anaerobic 
metabolism predominates over aerobic metabolism (Adachi and Uno, 1968).
A similar predominant metabolism apparently exists in bird skin 
(Shah and Menon, 1975a). After plucking adult feathers to stimulate 
feather follicle cellular proliferation in pigeons, Shah and Menon 
(1975a, b) histochemically observed higher succinate and malate dehydro- 
gemase activity along with lipid utilization, lipase and 6-hydroxy- 
butyrate dehydrogenase activity which all reflect the predominance of 
aerobic over anaerobic metabolism during feather regeneration. In 
view of these observations, the above recorded LDH activity increase 
would not seem to have arisen from a follicular source.
Serum LDH activity in birds after fasting, a treatment used to 
induce molting in the present study, has been examined but the results 
were in conflict between investigators (Bell, 1971). More recently 
Shen and Mistry (1979b) demonstrated that fasting accompanied by
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Fig. 11. Histogram of serum LDH least-squares means and standard
errors plotted over local time (sampling time) and over both 
days. Premolt hens ( )  differ from laying hens (J) and 
days differ (P < .05) . PXT interaction is not significant 
(P > .05, see Table 1).
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refeeding under a similar regime as that used on the hens prior to 
molting returned most liver and renal gluconeogenic enzymes to control 
values.
Serum LDH and GPT activity over both groups of hens was different 
with respect to day of sampling (Table 5). A complete repeat of 
the experiment was performed on the second sampling day and, as such, 
day to day variation in LDH and GPT activity may predispose the 
absence of daily rhythms in the serum activity of these enzymes.
Serum GPT activity was depressed while GOT activity was 
elevated in the hens subjected to forced molt treatment (Table 5).
Both enzymes exhibited no rhythmatic activity over sampling time 
although the photoperiod on sampling interaction for GOT approached 
significance (Fig. 12 and 13}. If the liver was one source of these 
serum enzymes then an elevated level of GOT activity may reflect an 
elevated rate of gluconeogenesis and a higher level of liver cor­
ticosteroid which could be responsible for the increased serum 
glucose levels (Table 5) noted in the premolt hens. Elevated plasma 
glucose was also reported in molting hens by Brake and Thaxton (1979a). 
Liver nuclei free corticosteroid in these hens was marginally 
associated with serum GOT activity (r = .23, P < .02). In mammals, 
corticosteroids stimulate gluconeogenesis in the liver via an effect 
on transaminase activity (White et_ al_. , 1978) . As mentioned in the 
Introduction, veinous injections of corticosteroids in rats have been 
shown to increase liver GPT activity.
In an analogous observation to that of GOT and liver nuclei 
free corticosteroid in the non-laying hens, serum GPT activity in the 
laying hens was marginally associated with liver nuclei free
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Fig. 12. Histogram of serum GPT least-squares means and standard 
errors plotted over local time (sampling time) and over 
both days. Premolt hens (2) differ from laying hens (^) 
and days differ (P < .05) PXT interaction is not significant 
(P > .05, see Table 1).
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Fig. 13. Histogram of serum GOT least-squares means and standard 
errors plotted over local time (sampling time) and over 
both days. Premolt hens (5) differ from laying hens (|), 
(P < .05). PXT interaction is not significant (P > .05, 
see Table 1).
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corticosteroid (r * .24, P < .03). Corticosteroid levels were also 
higher in two fractions assayed in the laying hens when compared to 
the non-laying hens (Figs. 4, 5 and 6). Plasma corticosterone was 
negatively associated with serum GPT in the laying hens (r * -.25,
P < .02) perhaps representing the latency in liver transaminase 
stimulation and appearance in the serum. A similar circumstance may 
be observed in the appearance of corticosterone in the liver following 
its appearance in the plasma (See Chapter I). If serum transaminase 
activity arises in part from corticosteroid stimulation in the liver, 
it would appear as though higher GPT activity may be associated with 
higher adrenal corticosterone output while lower adrenal output is 
. associated with lower GPT but higher GOT activity. Perhaps, then, 
in times of increased liver lipogenesis during egg production 
(Sturkie, 1976), indicated in the laying hens by liver appearance 
upon sacrifice, the production of pyruvate from alanine is higher as 
compared to the non-laying hens. Seemingly, just prior to molt, 
although plasma and liver corticosteroids are lower (See Chapter I) 
gluconeogenesis in the liver may be higher which increases circulating 
serum glucose for use in lipid synthesis (Griminger, 1976a) for the 
proliferation of feather follicle cells (Shah and Menon, 1975a) 
and in fueling increasing metabolic rates.
Plasma transaminase activity during fasting has been reported 
to increase or to remain unchanged (McDaniel and Demsey, 1962,-
Tettenborn, 1964). However, refeeding after fasting was not included
as a treatment in those reports as it was in the present experiment.
It is paramount to realize that serum enzymes like the
transaminases may come from a number of tissues and their role
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intracellularly can only be inferred from serum levels. Cardiac and 
skeletal muscles are prime examples of possible tissue sources. 
Therefore, since all of the hens were bled by cardiac puncture to 
obtain serum, some of the variation in GPT, GOT and even LDH could be 
accounted for by cardiac tissue damage. In the knowledge of the 
author the levels of GPT, GOT and LDH activity reported here are 
the first under these circumstances. Activity levels of the serum 
enzymes are comparable to those reported previously for alkaline 
phosphatase (Garlich, 1974), LDH (Pavel and Svogil, 1968), GPT 
(McDaniel and Chute, 1961) and GOT (Tettenbom, 1964).
Serum glucose levels were different among sampling times over 
both groups of hens (Fig. 14) however the interaction of photoperiod 
and sampling time only approached significance. Daily rhythms of 
plasma glucose in cockerels was shown by Siegel et_ al_. (1976) . Peak 
glucose levels in the premolt hens occurred near 1000 hr during early 
photophase which compares well with the peaks reported by Siegel
et al. (1976) . A similar but much more variable trend was noted in
the laying hens (Fig. 14). Maintenance and feeding of the hens
began near 0800 hr which coincided with dawn for the premolt hens as
reported in Chapter I under General Maintenance. The appearance of 
higher serum glucose levels in the premolt hens during early photophase 
was probably contingent on morning feeding and activity during daily 
maintenance. The greater glucose variability in the laying hens could 
have arisen from several sources. Dawn for the laying hens was at 
0100 hr while daily maintenance occurred hours later. This possibly 
resulted in two daily activity and feeding cycles which when imposed 
on the difference between individual hen egg formation times may have
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Fig. 14. Histogram of serum glucose least-squares means and standard 
errors plotted over local time (sampling time) and over 
both days. Premolt hens (0) differ from laying hens (J), 
days differ and over both groups of hens the difference among 
sampling times is significant (P < .05). PXT interaction is 
not significant (P > .05, see Table 1).
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affected the erratic serum glucose levels over sampling time in the
laying hens. Plasma corticosterone reached two peaks every 24 hr
in these hens during sampling and seemed to be associated with dawn
and general maintenance or feeding (Fig 4, see also Chapter I).
However a temporal phase relationship of corticosterone peaks versus 
the glucose peak is not clear in either group of birds unlike that 
found by Siegel et a l . (1976) . Glucose peaks lagged behind corticos­
terone peaks in the present study but preceded them in the study of 
Siegel et al . (1976) .
Serum glucose levels also differed over all birds between the 
two sampling days (Table 5). This day to day inconsistency was 
reported by Brake and Thaxton (1979a). In the present study such 
a significant variation in glucose was not expected. Physically the 
only difference between day one and two of sampling was the absence 
of hens previously sampled from the chambers. Perhaps the result 
of hen removal was an effect on glucose in remaining hens.
Higher levels of serum cholesterol were found in premolt hens 
but no effect of sampling time was seen (Table 5 and Fig. 15).
Great hen to hen variation in serum levels have been reported 
(Griminger, 1976a) which could have made a daily rhythm of cholesterol 
difficult to detect in the present experiment. Cholesterol is a 
precursor of steroid hormones and is used in yolk formation (Gilbert, 
1971). Dietary levels of cholesterol, age, liver synthesis 
(Breidenstein, 1969) and steroid hormones (Griminger, 1976a) all 
influence blood cholesterol. The lower levels in the laying hens is 
probably attributable to cholesterol utilization in yolk formation 
and an increased steroid hormone synthesis over the non-laying hens
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prior to molt. Premolt hens exhibited highly variable levels of 
cholesterol (Fig. 15). Several rather high means can be noted when 
the data plotted in Figure 15 are examined. These values inflated
the mean cholesterol value of the said hens.
Contrary to the results reported by Brake and Thaxton (1979a) 
on total plasma protein, total serum protein was not depressed in 
the non-laying hens prior to molt (Table 5). A comparison of their
findings and those of the present study is guarded because plasma
and serum may differ in total protein levels. Further comparison 
problems arise from the water deprivation used by Brake and Thaxton 
to elicit molt in their hens. Water deprivation was not used to 
elicit molt in the present experiment. The depression of plasma 
protein reported could be attributed to the hemoconcentration and 
diminished plasma space as evinced by the elevated hematocrits noted 
by them.
Total serum protein and albumin over both groups of hens 
differed with respect to sampling time (Figs. 16 and 17). Albumin 
was lower in premolt hens (Table 5). Both total protein and albumin 
exhibited an "ebb and flow" in levels over time such that no distinct 
daily rhythm of either variable is evident from Figures 16 and 17. 
Premolt hens seemed to have highs and lows of serum albumin levels 
that were present with some periodicity over both sampling days, 
however the interaction of photoperiod and sampling time was not 
significant indicating a lack of dependency between the two inde­
pendent variables. The variation in levels of serum albumin over 
time is probably a product of disappearance through capillary walls 
and synthesis in the liver occurring alternately in response to
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Fig. 15. Histogram of serum cholesterol least-squares means and 
standard errors plotted over local time (sampling time) 
and over both days. Premolt hens ({) differ from laying 
hens ( ^ ), (P < .05). PXT interaction is not significant 
(P > .05, see Table 1).
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Fig. 16. Histogram of total serum protein least-squares means and
standard errors plotted over local time (sampling time) and 
over both days. Premolt hens (3) do not differ from laying 
hens (^) , (P > .05) . Over both groups of hens the difference 
among sampling times is significant (P < .05). PXT inter­
action is not significant (P > .05, see Table 1).
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Fig. 17. Histogram of serum albumin least-squares means and standard 
errors plotted over local time (sampling time) and over 
both days. Premolt hens (Q) differ from laying hens (£) 
and over both groups of hens the difference among sampling 
times is significant (P < .05). PXT interaction is not 
significant (P > .05 , see Table 1).
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changes in plasma osmotic pressure, plasma volume and tissue fluid 
balance (Butler, 1971; Griminger, 1976b).
The depressed serum albumin levels of the premolt hens was 
accompanied by elevated serum globulin levels (Table 5) . A lack of 
egg production and the fast for 2 days may have been responsible for 
depressed albumin levels in premolt hens (Griminger, 1976b; Butler, 
1971). It is also plausible that the depression was associated with 
feather keratin synthesis. However elevated globulin levels were 
not anticipated since major plasma proteins associated with the 
presence of high circulating estrogens in laying hens migrate with 
other globulins upon electrophoresis (Butler, 1971). Serum globulin 
levels did not fluctuate over sampling time in a rhythmatic fashion 
(Fig. 18).
The noted increase in serum globulin may have been an artifact 
which was simply due to the presence of circulating amino acids.
By taking the difference between total protein and albumin as an 
indicator of globulin (See Materials and Methods) free amino acids 
may be included in the globulin fraction.
From the above reported results it is obvious that the cessation 
of egg production followed by the initiation of molt involve a gamut 
of physiological changes brought about by radical environment changes 
employed in the forced molting hens. Metabolic profiles of serum 
biochemicals are useful in the assessment of the physiologically 
important changes experienced by hens in response to environmental 
phenomena. The present study illustrates the difference between 
laying and non-laying hens from the aspect of daily 24 hr rhythmatic 
fluctuations in serum biochemicals which indicate or control metabolic
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Fig. 18. Histogram of serum globulin least-squares means and
standard errors plotted over local time (sampling time) 
and over both days. Premolt hens (J) differ from laying 
hens ), (P < .05). PXT interaction is not significant 
(P > .05, see Table 1).
FIGURE 13
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fluctuations and from the aspect of gross metabolic differences 
between laying and non-laying without respect to time. Since the 
cessation of egg production and the initiation of molt are essentially 
confounded in time, a rational subsequent investigation would be 
an examination of the physiological aspects of forced molt in males.
It is interesting to note that a dependency (interaction) of 
force molt treatment (photoperiod) and sampling time was found only 
in the hormone variables measured but not in the serum biochemicals 
(See Table 1 and Chapter I). The coincidence of dawn and the 
beginning of daily maintenance for premolt hens may account for this 
observation. Dawn and the beginning of maintenance were not coincident 
for the laying hens. A dual control of the corticosteroid rhythms 
involving both photoperiod and activity or feeding or the anticipation 
of both is thus implied. Activity or feeding or the anticipation of 
both could be a major control of the serum biochemical rhythms.
CONCLUSIONS
The following conclusions seem appropriate for the results of 
the experiment:
1. Non-laying hens on short photoperiods just prior to molt 
had regressed ovaries, greater body weight losses, lower 
hormone levels and a lower CBG than the hens in egg 
production on long photoperiods.
a. A daily rhythm of plasma progesterone was found only in 
laying hens.
(1) One peak per day was found in laying hens.
(2) Episodes of adrenal and/or ovarian secretion were 
indicated in premolt hens.
b. A role for progesterone in the initiation of molt is 
doubtful.
c. Plasma progesterone varied with egg location in the 
oviduct of the laying hens.
d. Laying hens exhibited daily rhythms of plasma corticos­
terone and liver cellular corticosteroid.
(1) Two major peaks of plasma corticosterone were found 
per day.
(a) One peak was associated with the photoperiodic 
regime and the other with the beginning of 
facility maintenance and feed renewal.
(2) Liver nuclei free corticosteroid peaked twice per day.
(3) Liver nuclear corticosteroid peaked thrice per day.
(a) One of the peaks may have been associated with
the metabolism of corticosteroid.
(4) The variations in corticosterone levels may represent 
a cascade of daily rhythms from the plasma to the 
liver cytosol and on to the target organelle, the 
liver nucleus.
(a) Plasma corticosterone was negatively associated 
with nuclei free corticosteroid which indicated 
the disappearance of plasma corticosterone and 
its appearance in the liver cytosol were con­
current.
Premolt hens exhibited one peak of plasma corticosterone 
per day.
{1) The peak was associated with the photoperiodic regime. 
(2) A non-recurrent peak was also found on each day.
(a) Food deprivation for 2 days in premolt hens may 
have altered the phase of the peak which was 
associated with feed renewal and daily facility 
maintenance in the control laying hens.
Premolt hens exhibited peaks in liver corticosteroid 
with much less daily recurrency than that found in 
laying hens.
Forced molt treatment apparently elicited molting as an 
acclimatization response wherein the hens ceased egg
production, altered daily rhythms of corticosterone 
secretion and began to molt for lack of photogonadal
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stimulation and dietary energy supplies.
h. Plasma CBG showed no rhythmatic daily variation in 
BC
either group of hens.
(1) Higher CBG in laying hens may represent higherBC
estrogenicity.
2. With the exception of serum total protein, all serum bio­
chemicals measured occurred at different levels in the laying 
hens as compared to the premolt hens.
a. Serum calcium was depressed in premolt hens probably 
because they were not in egg production.
(1) The daily rhythm of serum calcium had two peaks per 
day at the same time in both groups of hens.
(2) Serum calcium was associated with CBG which further
QC
indicates that estrogenicity may be reflected by 
CBG
BC.
b. Serum inorganic phosphate was depressed in premolt hens 
probably because they were not in egg production.
(1) No daily rhythm of serum inorganic phosphate was
found in either group of hens.
c. Serum alkaline phosphatase activity was elevated in 
premolt hens.
(1) Regenerating feather follicles could have provided 
a source of the enzyme in the premolt hens.
(2) No daily rhythm of the enzyme was found in either
group of hens,
d. Serum LDH activity was elevated in premolt hens.
74
(1} The elevated activity was probably not of a feather 
follicular origin.
(2) The elevated activity could probably be attributed 
to an increase in metabolic rate, glycolysis in 
certain tissues and gluconeogenesis in liver.
(3) No daily rhythm of LDH was found in either group 
of hens.
(4) LDH activity differed between the two sampling days,
e. Serum GPT activity was depressed but serum GOT activity
was elevated in premolt hens.
(1) No daily rhythm of either enzyme was found in either 
group of hens.
(2) GPT activity differed between the two sampling days.
(3) Elevated GOT may reflect an elevated rate of 
gluconeogenesis.
(a} Liver nuclei free corticosteroid was associated 
with serum GOT activity in premolt hens.
(b) Serum GOT may have arisen in part from the liver 
via partial stimulation by liver corticosteroid.
{4) Liver nuclei free corticosteroid was associated with 
serum GPT activity in laying hens.
(a) Plasma corticosterone was negatively associated 
with serum GPT in laying hens which may indicate 
a latency in liver transaminase stimulation and 
appearance in the serum much like the cascade 
of corticosterone from the plasma to the 
liver.
Serum glucose was elevated in premolt hens which may 
also indicate elevated gluconeogenesis.
(1) A daily rhythm of serum glucose was found over both 
groups of which was not dependent upon force molt 
treatment.
(a) Premolt hens exhibited one peak of glucose per 
day during early photophase.
(b) Laying hens exhibited the same trend but it was 
more variable.
(c) Peak glucose levels may be contingent on peak 
feeding and activity during daily facility 
maintenance.
(2) Serum glucose differed between the two sampling days. 
Serum cholesterol was elevated in premolt hens probably 
because they were not in egg production.
(1) No daily rhythm of serum cholesterol was found in 
either group of hens.
Serum albumin was depressed in premolt hens probably 
because they were not in egg production and had been 
fasted 2 days.
(1) Total protein and albumin over both groups of hens 
differed with respect to sampling time.
(a) Both variables exhibited an “ebb and flow" over 
time which was not dependent upon the forced 
molt treatment.
(b) No distinct daily rhythm of either variable was 
evident.
Serum glucose was elevated in premolt hens which may 
also indicate elevated gluconeogenesis.
(1) A daily rhythm of serum glucose was found over both 
groups of which was not dependent upon force molt 
treatment.
{a) Premolt hens exhibited one peak of glucose per 
day during early photophase.
(b) Laying hens exhibited the same trend but it was 
more variable.
(c) Peak glucose levels may be contingent on peak 
feeding and activity during daily facility 
maintenance.
(2) Serum glucose differed between the two sampling days. 
Serum cholesterol was elevated in prenvolt hens probably 
because they were not in egg production.
(1) No daily rhythm of serum cholesterol was found in 
either group of hens.
Serum albumin was depressed in premolt hens probably 
because they were not in egg production and had been 
fasted 2 days.
(1) Total protein and albumin over both groups of hens 
differed with respect to sampling time.
(a) Both variables exhibited an "ebb and flow" over 
time which was not dependent upon the forced 
molt treatment.
(b) No distinct daily rhythm of either variable was 
evident.
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i. Serum globulin was elevated in premolt hens.
(1) No daily rhythm of serum globulin was found.
(2) The elevated globulin may have been an artifact 
associated with the inclusion of free amino acid in 
the globulin fraction.
3. Forced molt treatment affected phase shifts in hormone 
rhythms but not in serum biochemical rhythms, 
a. A dependency (interaction) of force molt treatment 
(photoperiod) and sampling time was found only in the 
hormone variables measured but not in the serum biochemi­
cal s.
(1) The coincidence of dawn and the beginning of daily 
maintenance for premolt hens may account for this 
observation (dawn and the beginning of maintenance 
were not coincident for the laying hens).
(a) A dual control of the corticosteroid rhythms 
involving both photoperiod and activity or feeding 
or the anticipation of both is thus implied.
(b) Activity or feeding or the anticipation of both 
could be a major control of the serum biochemical 
rhythms.
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